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Surface  heat  treating  apparatus. 

(57)  A  surface  heat-treating  apparatus  which  focuses 
laser  beam  onto  a  surface  of  a  workpiece  for  heat- 
treating  the  same  comprises  a  composite  cylindrical 
segment  mirror  and  a  cylindrical  mirror  provided  in  a 
subsequent  stage  thereof.  The  composite  mirror  is 
made  of  two  cylindrical  segment  mirrors  joined  to- 
gether  with  a  predetermined  angle  in  a  V-shaped 
manner  so  that  the  laser  beam  reflected  by  the  two 
component  cylindrical  segment  mirrors  of  the  com- 
posite  mirror  is  transmitted  to  the  cylindrical  mirror 

^ i n   a  manner  reversed  with  respect  to  the  lengthwise 
and  widthwise  directions  of  the  composite  cylindrical 

Ĵ "  segment  mirror  and  a  heat-treating  area  of  a  rectan- 
^Igular  configuration  is  thereby  provided  on  the  work- 

piece. 
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SURFACE  HEAT  TREATING  APPARATUS 

bAUKUMUUND  Uh  I  ME  INVENTION 

This  invention  relates  to  a  surface  heat  treating 
apparatus  utilizing  laser  beam. 

When  the  surface  of  a  workpiece  is  heat-treat- 
ed  in  use  of  a  laser  beam  transmitted  from  a  laser 
oscillator,  operational  characteristics  depend  much 
on  the  configuration  of  the  focused  laser  beam. 

FIG.  1  illustrates  a  conventional  surface  heat- 
treating  apparatus  utilizing  laser  beam.  In  this  ap- 
paratus,  a  laser  beam  1  emitted  from  a  laser  beam 
oscillator,  not  shown,  is  converged  by  means  of  a 
plane  mirror  2  and  a  concave  cylindrical  mirror  3 
on  a  surface  of  a  workpiece  W  for  executing  heat- 
treatment  on  the  surface.  In  this  case,  the  focused 
heat-treating  area  on  the  surface  is  made  into  an 
elongated  elliptical  configuration,  so  that  heat  en- 
ergy  of  the  laser  beam  imparted  to  the  surface  of 
the  workpiece  becomes  high  at  the  central  portion 
4a  of  the  elliptical  heat-treating  area  4  and  low  at 
both  ends  4b  and  4c  thereof.  More  specifically, 
when  a  surface  heat-treatment  is  performed,  it  is 
required  that  the  focused  heat-treating  area  is  pro- 
vided  with  predetermined  amounts  of  length  and 
width,  and  hence  the  focus  of  the  optical  system  in 
the  conventional  apparatus  has  to  be  adjusted,  i.e. 
shifted,  so  that  the  heat-treating  area  4  has  sub- 
stantially  the  elliptical  configuration,  wherein  the 
heat  energy  of  laser  beam  is  made  high  in  the 
central  portion  and  low  in  the  end  portions  of  the 
ellipse.  Such  a  distribution  of  heat  energy,  how- 
ever,  has  entailed  uneven  depth  Ho  in  the  surface 
heat-treatment  of  the  workpiece  W. 

SUMMAHY  Uh  I  ME  INVtNTlUN 

An  object  of  this  invention  is  to  provide  a 
surface  heat  treating  apparatus  wherein  the  afore- 
nentioned  drawbacks  of  the  conventional  heat 
reating  apparatus  can  be  substantially  eliminated. 

Another  object  of  this  invention  is  to  provide  a 
surface  heat  treating  apparatus  including  a  com- 
josite  cylindrical  segment  mirror  for  obtaining  an 
elongated  surface  portion  to  be  heat-treated  in  ac- 
:ordance  with  the  focused  configuration  on  the 
ocus  position  of  the  workpiece  thereby  to  perform 
he  surface  heat  treatment  with  equally  heated 
jepth  of  the  workpiece. 

According  to  this  invention,  these  and  other 
objects  can  be  achieved  by  providing  a  surface 
leat  treating  apparatus  in  which  an  emitted  laser 
)eam  is  reflected  and  focused  into  a  heat-treating 
area  formed  on  a  surface  of  a  workpiece  and  the 

apparatus  is  characterized  by  comprising  a  com- 
posite  cylindrical  segment  mirror  made  of  two 
convex-cylindrical  segment  mirrors  joined  together 
so  as  to  have  a  V-shaped  configuration  and  a 

5  concave  cylindrical  mirror  located  on  a  path  of  a 
laser  beam  reflected  by  the  composite  cylindrical 
segment  mirror  for  focusing  the  laser  beam  on  the 
surface  of  the  workpiece. 

The  positional  relation  between  the  composite 
w  cylindrical  segment  mirror  and  the  cylindrical  mir- 

ror  of  the  apparatus  and  the  workpiece  may  be  so 
selected  that  the  heat-treating  area  formed  on  the 
surface  of  the  workpiece  is  of  an  elongated  rectan- 
gular  configuration  having  constant  width  and 

T5  depth. 
Furthermore,  the  two  convex-cylindrical  seg- 

ment  mirrors  may  be  joined  together  with  a  pre- 
determined  angle  a  formed  therebetween  so  that 
the  composite  cylindrical  segment  mirror  of  V- 

20  shape  is  provided,  and  the  angle  a  may  be  deter- 
mined  such  that  the  laser  beam  reflected  by  the 
two  convex-cylindrical  segment  mirrors  is  transmit- 
ted  to  the  cylindrical  mirror  in  a  manner  reversed 
with  respect  to  the  lengthwise  and  widthwise  direc- 

25  tions  of  the  composite  cylindrical  segment  mirror, 
and  a  heat-treating  area  of  a  rectangular  configura- 
tion  is  thereby  obtained  on  the  surface  of  the 
workpiece. 

30 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  accompanying  drawings: 
FIG.  1  is  a  diagram  showing  a  conventional 

35  surface  heat-treating  apparatus;  and 
FIG.  2  is  a  diagram  showing  a  surface  heat- 

treating  apparatus  constituting  a  preferred  embodi- 
ment  of  this  invention. 

to 
DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

A  preferred  embodiment  of  a  surface  heat- 
i5  treating  apparatus  according  to  this  invention  will 

now  be  described  with  reference  to  FIG.  2  wherein 
like  reference  numerals  to  those  used  in  FIG.  1  are 
designated  by  the  same  reference  numerals. 

In  the  embodiment  shown  in  FIG.  2,  there  is 
50  provided  a  composite  cylindrical  segment  mirror  5 

which  is  obtained  by  combining  a  pair  of  cylindrical 
segment  mirrors  in  a  V-shaped  longitudinal  con- 
figuration.  A  laser  oscillator  of  a  known  type,  not 
shown,  is  located  so  that  a  laser  beam  therefrom  is 
projected  to  a  joined  portion  5a  of  the  composite 
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segment  mirror  t>.  upwardly  of  the  mirror  5  is 
provided  a  concave  cylindrical  mirror  3  which  re- 
flects  the  laser  beam  reflected  by  the  mirror  5 
toward  a  workpiece  W.  The  laser  beam  1  thus 
reflected  is  focused  to  form  a  heat-treating  area  6 
of  an  elongated  rectangular  configuration  of  a  con- 
stant  width  and  a  constant  heat-treating  depth  H  on 
a  surface  of  the  workpiece  W.  Differing  from  the 
heat-treating  area  4  of  the  conventional  apparatus, 
which  has  been  formed  into  an  elongated  elliptical 
configuration,  heat  energy  in  this  embodiment 
shown  in  FIG.  2  is  distributed  evenly  throughout 
the  heat-treating  area  6  of  the  elongated  rectangu- 
lar  configuration  inclusive  of  the  central  portion  6a 
and  the  end  portion  6b  and  6c. 

The  formation  of  the  heat  treating  area  6  treat- 
ing  a  constant  depth  H  on  the  surface  of  the 
workpiece  W  is  attained  by  the  optical  system  of 
this  invention  which  comprises  the  composite  cylin- 
drical  segment  mirror  5  and  the  cylindrical  mirror  3. 
Particularly,  the  composite  cylindrical  segment  mir- 
ror  5  is  made  of  a  pair  of  convex  cylindrical  seg- 
ment  mirrors,  each  formed  with  a  number  of  seg- 
ment  mirrors  5b  extending  lengthwisely  on  the  con- 
cave  surface.  The  pair  of  convex  cylindrical  seg- 
ment  mirrors  are  then  joined  together  along  a  sur- 
face  5a  and  to  be  joined  so  as  to  exhibit  a  V- 
shaped  configuration  having  an  angle  a  between 
the  two  convex  mirrors. 

The  cylindrical  segment  mirror  5  may  be  pro- 
duced  by  use  of  an  angle-adjusting  device  such  as 
a  goniostage  in  such  a  manner  that  a  blank  is 
placed  on  the  stage  of  the  angle-adjusting  device 
and  the  surface  of  the  blank  is  cut,  while  the  angle 
of  the  stage  is  adjusted  as  desired,  by  means  of  a 
diamond  cutter  into  a  desired  mirror  configuration. 
Thereafter,  the  surface  5a  is  formed  so  that  the  pair 
of  component  mirrors  are  joined  together  along  the 
surface  5a  at  an  angle  a. 

The  operation  of  the  heat-treating  apparatus 
according  to  this  invention  will  be  described  here- 
under. 

When  laser  beam  emitted  from  a  laser  oscilla- 
tor  is  projected  in  an  area  nearby  the  joined  portion 
5a  of  the  cylindrical  segment  mirror  5,  the  projec- 
ted  laser  beam  is  reflected  by  the  mirror  5  in  a 
manner  divided  into  a  number  of  rectangular 
shaped  fractions  of  beam.  The  beam  fractions  thus 
reflected  from  the  mirror  5  are  transmitted  to  the 
cylindrical  mirror  3  in  a  manner  reversed  with  re- 
spect  to  the  lengthwise  and  widthwise  directions  of 
the  cylindrical  segment  mirror  5.  The  laser  beam 
reflected  from  the  cylindrical  mirror  3  is  thus  fo- 
cused  into  the  elongated  rectangular  shaped  area 
constituting  the  heat-treating  area  6  of  the  surface 
heat-treating  apparatus  of  this  invention. 

The  width  of  the  heat-treating  area  6  may  be 
determined  as  desired  on  the  basis  of  the  width  of 
the  segment  mirrors  5b  of  the  cylindrical  segment 
mirror  5,  and  furthermore,  since  the  two  component 

5  mirrors  of  the  composite  cylindrical  segment  mirror 
5  are  joined  together  in  a  V-shaped  configuration 
forming  an  angle  a  therebetween,  the  path-length 
of  the  laser  beam  can  be  thereby  adjusted  and  the 
heat-treating  area  6  causing  heat-treatment  of  a 

70  constant  depth  H  in  the  central  portion  as  well  as 
the  end  portions  6a  and  6b  can  be  thereby  real- 
ised. 

It  will  also  be  easily  understood  that  the  width 
and  the  depth  H  of  the  heat-treating  area  6  can  be 

75  adjusted  freely  by  varying  the  width  of  the  segment 
mirrors  5b  and  the  tapered  angle  a  between  the 
two  component  cylindrical  segment  mirrors. 

20  Claims 

1.  A  surface  heat-treating  apparatus  in  which 
an  emitted  laser  beam  is  reflected  and  focused  into 
heat-treating  area  formed  on  a  surface  of  a  work- 

25  piece,  characterized  by  comprising  a  composite 
cylindrical  segment  mirror  made  of  two  convex- 
cylindrical  segment  mirrors  joined  together  so  as  to 
have  a  V-shaped  configuration  and  a  concave  cy- 
lindrical  mirror  located  on  a  path  of  a  laser  beam 

30  reflected  by  said  composite  cylindrical  segment 
mirror  for  focusing  the  laser  beam  on  the  surface  of 
the  workpiece. 

2.  The  surface  heat-treating  apparatus  accord- 
ing  to  claim  1  wherein  the  convex  surface  of  said 

35  composite  cylindrical  mirror  faces  the  concave  sur- 
face  of  said  convex  cylindrical  mirror  which  faces 
to  the  surface  of  the  workpiece  to  be  heat-treated 
so  that  the  heat-treating  area  formed  on  the  surface 
of  the  workpiece  is  made  into  an  elongated  rectan- 

to  gular  configuration  permitting  heat-treatment  of  a 
constant  depth. 

3.  The  surface  heat-treating  apparatus  accord- 
ing  to  claim  1  wherein  said  two  convex-cylindrical 
segment  mirrors  are  joined  together  with  a  pre- 

ts  determined  angle  in  a  V-shaped  manner  so  that  the 
laser  beam  reflected  by  the  two  convex-cylindrical 
segment  mirrors  is  transmitted  to  the  cylindrical 
mirror  in  a  manner  reversed  with  respect  to  the 
lengthwise  and  widthwise  directions  of  said  corn- 

so  posite  cylindrical  segment  mirror  and  said  heat- 
treating  area  is  thereby  formed  into  an  elongated 
rectangular  configuration  permitting  heat-treatment 
of  a  constant  depth. 
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